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Max Planck confidently explaining a wrong theory of Uranium, 
1929 	Here	is	Max	Planck	confidently	explaining	Uranium	in	1929:		“Uranium	contains	238	protons	and	238	electrons;	but	only	92	electrons	revolve	round	the	nucleus	while	the	others	are	fixed	in	it….	The	chemical	properties	of	an	element	depend	not	on	the	total	number	of	its	protons	or	electrons,	but	on	the	number	of	revolving	electrons,	which	yield	the	atomic	number	of	the	element.”		Comment:	I	have	always	wondered	how	scientists	thought	of	complex	nuclei	before	the	neutron	was	discovered.	This	statement	by	Max	Planck	must	have	been	the	best	idea	going	in	1929,	and	it	makes	sense	at	some	level.	Protons	plus	“inner”	electrons	together	inside	the	nucleus	make	a	massless	combination	like	a	neutron	does,	whereas	the	“revolving”	electrons	dictate	the	chemistry	and	the	atomic	number.		Planck’s	description	of	Uranium	sounds	perhaps	too	confident,	and	for	that	maybe	he	could	be	criticized.	However,	any	claim	in	science	such	as	this	should	be	thought	of	as	coming	with	an	implicitly	understood	preface	“Our	best	idea	going,	but	which	could	change	at	any	moment	when	somebody	else	has	a	better	or	more	efficient	idea	that	fits	the	data	better,	is	the	following.”	I	am	sure	Planck	had	this	implicit	preamble	in	mind	when	he	wrote	those	words.		Reference	Max	Planck.	The	Universe	in	the	Light	of	Modern	Physics.	1931,	which	is	a	translation	of	the	original	Das	Weltbild	der	neuen	Physik,	1929.		(2016)	  
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University of Florida president rails against abuses in 
intercollegiate athletics and fraternities … in 1920 	Nearly	a	century	ago	President	Albert	Murphree	of	the	University	of	Florida	pleaded	to	his	fellow	university	presidents	to	rein	in	football	and	fraternities:		“Now	I	come	to	the	last	menace	to	good	scholarship	that	I	shall	mention.	It	is	probable	that	the	emphasis	which	is	now	placed	upon	extra-curricular	activities	is	one	of	the	most	potent	causes	of	low	intellectual	standards.	Thoughtful	executives	contemplate	only	with	alarm	the	abuses	which	have	crept	into	intercollegiate	athletics,	fraternities,	dramatics,	social	affairs	and	student	clubs	of	every	conceivable	nature.”		–	F.L.	McVey	(ed.).	Transactions	and	Proceedings	of	the	National	Association	of	State	
Universities,	Volume	18,	1920,	pp.	51-66.		Comment:	For	many	decades	we	have	had	the	same	“menace”	to	universities,	ever	increasing	in	intensity	it	seems,	and	yet	we	have	survived	and	people	get	educated.	Perhaps	stability	has	been	maintained	largely	because	of	the	constant	vigilance	by	people	like	President	Murphree	and	the	core	of	students	that	are	very	dedicated	to	their	studies.	Yet,	as	always,	balance	is	the	key.	Extra-curricular	activities	at	some	level	are	good	for	students	to	maintain	health	and	vigor.		(2014)	  
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Montaigne describes how students are to be taught to argue 	“He	should	be	trained	to	choose	and	sift	his	arguments	with	subtlety,	also	to	be	a	lover	of	pertinence,	and	so	of	brevity.	But	above	all,	he	should	be	taught	to	yield	to	the	truth,	and	to	lay	down	his	arms	as	soon	as	he	discovers	it,	whether	it	appear	in	his	opponent’s	argument,	or	to	himself	in	his	own	second	thoughts.	For	he	will	not	be	sitting	in	a	professorial	chair	to	repeat	a	set	lecture.	He	will	be	pledged	to	no	cause	except	in	so	far	as	he	approves	it;	nor	will	he	be	of	that	profession	in	which	the	freedom	to	repent	and	think	again	is	sold	for	good	ready	money.	‘No	necessity	compels	him	to	defend	all	that	is	prescribed	and	enjoined.’”		–	Montaigne.	Essays.	trans.	J.M.	Cohen.	Middlesex,	UK:	Penguin,	1958.		Comment:	Interesting	to	note	that	Montaigne	(1533-1592)	lumps	professors	in	the	shady	lot	of	those	that	will	never	change	their	minds	since	they	have	“a	set	lecture”	they	must	repeat.	The	quote	at	the	end	of	this	passage	is	from	Cicero’s	Academica	II,3.		(2015)	  
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Excellent scientists can have life balance 	I	came	across	this	quote	about	the	work-life	balance	of	Joël	Scherk,	who	was	one	of	the	leading	talents	of	mathematical	physics	in	the	1970s:		“He	[Scherk]	used	to	come	to	his	office	around	ten	o’clock.	He	then	took	up	his	pad	and	wrote	continuously	except	for	a	lunch	break	up	to	five	o’clock	when	he	put	down	his	pad	in	his	desk	and	went	home.	In	the	evenings	he	often	studied	Chinese	history	or	some	similar	subject	very	remote	from	physics.”		–	Lars	Brink	in	the	preface	of	L.	Brink,	D.	Friedan,	A.M.	Polyakov.	Physics	and	Mathematics	of	Strings.	World	Scientific:	New	Jersey,	1990.		Comment:	Joël	Scherk	was	an	extraordinary	mathematical	physicist	whose	impact	is	still	felt	by	mathematicians,	string	theorists	and	phenomenologists	despite	his	untimely	death	in	1980	at	the	very	young	age	of	33.	I	am	too	young	to	have	met	him,	but	I	have	met	his	work.	In	his	short	career	he	published	8	papers	that	have	over	500	citations	and	27	papers	with	more	than	100	citations.	These	were	in	the	days	where	citations	were	harder	to	come	by,	no	less.		My	intersection	with	his	work	has	been	mainly	in	the	realm	of	Scherk-Schwarz	supersymmetry	breaking	(Scherk	&	Schwarz	1979),	which	found	a	very	nice	application	in	supersymmetry	compactified	from	higher-dimensional	space	down	to	3+1.	The	idea	is	still	used	today	to	make	interesting	theories	of	weak	scale	supersymmetry	(e.g.,	Craig	&	Lou	2014).		Students	often	ask	me	if	they	can	be	excellent	scientists	without	24/7	total	absorption	in	their	work,	and	have	a	life	with	other	interests	(family,	hobbies,	etc.).	The	answer	is	yes.	The	key	is	discipline	and	moderation,	as	this	nice	quote	from	Brink	about	Scherk	exemplifies.		References		Craig,	N.,	Lou,	H.K.	“Scherk-Schwarz	Supersymmetry	Breaking	in	4D.”	arXiv:1406.4880.		Scherk,	J.,	Schwarz,	J.	“Spontaneous	Breaking	of	Supersymmetry	Through	Dimensional	Reduction.”	Phys.	Lett.	B82	(1979)	60.		(2013)			  
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Successful people work insanely hard 	Before	students	get	too	comfortable	from	my	last	missive	“Excellent	Scientists	can	have	Life	Balance”,	here	are	words	of	advice	from	Ben	Stein	on	what	it	takes	to	be	successful:		“I	know	a	lot	of	really	successful	people	—	in	finance,	in	government,	in	politics,	in	Hollywood,	in	journalism,	in	literature.	Their	common	denominator	is	a	modicum	of	talent	and	a	capacity	and	an	eagerness	…	to	work	like	Trojans	to	get	ahead.	I	don’t	know	of	one	really	successful,	famous	man	or	woman	who	didn’t	work	insanely	hard	to	get	there	and	stay	there.		“Don’t	make	excuses.	Don’t	shirk.	Just	get	to	work	and	stay	there	until	it’s	not	work	any	more,	but	your	life.	That’s	success	in	and	of	itself.”		Ben	Stein.	“Success	is	All	in	a	Day’s	Work.”	Yahoo!	Finance.	December	22,	2006.		Comment:	There	is	no	doubt	that	this	is	good	advice,	especially	when	you	are	trying	to	establish	your	career	path	or	reach	high	education	goals.	However,	despite	the	exaggerated	word	“insane”,	I	don’t	think	it	is	necessary	to	have	an	imbalanced	life	to	be	successful.	As	with	most	good	things	in	life,	discipline	is	the	key.	Working	hard	takes	discipline	and	maintaining	balance	takes	discipline.		(2006)	  
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Wisconsin student not impressed with the flipped classroom 	A	student	at	University	of	Wisconsin	weighs	in	on	the	“flipped	classroom”	in	his	school’s	newspaper:		“The	fact	of	the	matter	is	that	flipped	lectures	do	not	work.	Video	lectures	alone	cannot	possibly	replace	traditional	lectures	because	in	order	to	create	the	most	effective	teaching	environment,	the	professor	must	be	able	to	have	physical	interactions	with	the	student	body	as	a	whole.	The	professor	must	be	able	to	read	his	audience	while	teaching	the	material,	so	that	he	can	tell	if	his	students	are	comprehending	the	information	he	is	presenting.	It	is	no	question	that	the	best	professors	are	those	who	are	able	to	sense	a	lack	of	understanding	in	his	or	her	students,	no	matter	the	size	of	the	class,	and	then	make	corrections	to	his	or	her	teaching	style	as	needed.	When	the	professor	is	teaching	to	an	inanimate	camera	instead	of	actual	students,	he	or	she	essentially	destroys	the	final	step	in	the	communication	process:	feedback.”		Phillip	Michaelson,	“Flipped	Lectures:	Do	not	pay	thousands	of	dollars	on	glorified	Khan	Academy	Lectures.”	The	Badger	Herald,	13	March	2015	[link].		Comment:	There	is	much	discussion	recently	of	fundamentally	changing	education	from	a	traditional	lecture	by	a	professor	to	students	watching	videos	and	then	asking	questions	later.	This	is	the	so	called	“flipped	classroom”.	Excellent	students	can	do	either	model.	Bad	students	do	not	succeed	at	either.	It	is	the	vast	middle	where	the	question	is	sharpest.	Are	flipped	classrooms	better?	The	jury	is	out.	In	time	we	will	know.	But	one	thing	data	seems	to	be	saying	now	is	that	weaker	students	(but	not	“bad	students”)	may	be	at	much	higher	risk	for	dropping	out	and	not	completing	a	course	that	has	too	much	self-initiative	required	to	watch	videos	and	online	material.	The	regimented	and	required	time	to	meet	of	a	traditional	classroom	may	facilitate	higher	discipline	and	higher	completion	rates.		(2015)	  
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Spring break can lower your IQ 	Spring	break	is	arriving	for	most	students	across	the	country.	They	may	wish	to	keep	in	mind	Telegraph’s	curious	report	on	the	research	of	Professor	Siegfried	Lehrl	at	University	of	Erlangen	on	the	ill-effects	of	vacation	on	mental	acuity:		“‘Fourteen	days	of	complete	rest	can	be	enough	to	bring	your	IQ	down	by	20	points	–	more	than	the	difference	between	a	bright	and	an	average	student,’	says	Prof	Lehrl.	‘Vocabulary	shrinks,	and	we	even	detect	personality	changes.’		“So	how	can	you	negate	the	nightmare	effects	of	your	dream	vacation?	According	to	Prof	Lehrl,	you	should	exercise	your	brain	on	holiday	for	at	least	10	minutes	a	day	by	playing	an	intellectually	stimulating	game	(chess	or	Scrabble,	for	instance),	mitigate	inactivity	with	regular	long	walks,	rehydrate	constantly	–	and	chew	lots	of	gum.	Gum?	‘The	part	of	the	brainstem	that	keeps	us	alert	is	constantly	stimulated	by	chewing,	as	a	result	of	which	the	attention	level	rises,	as	does	the	flow	of	blood	to	the	brain.”		Michael	Hewitt.	“Sun,	sea	and	shrinking	brain	power.”	The	Telegraph,	15	August	2011.		Comment:	Hard	to	believe	such	things.	Nevertheless,	it	is	probably	beneficial	to	keep	up	at	least	some	reading	and	problem	solving	over	an	extended	holiday.	Forgot	your	books	and	class	notes	and	don’t	know	what	to	do?	Try	reading	online	Feynman’s	Lectures	on	Physics.	Or	you	can	just	chew	gum,	but	that’s	not	as	fun.		(2011)	  
	 13	
All explanations end with ‘it just does’ 	It	is	rather	obvious	but	it	is	helpful	to	remind	ourselves	periodically	that	explanations	only	go	so	deep	before	hitting	a	wall,	as	Emmett	explains:		“When	we	make	the	statement	hedged	about	with	so	many	qualifications	it	might	be	argued	that	we	are	making	it	a	necessary	statement	by	putting	the	necessity	in;	that	we	are	saying	in	effect	that	if	the	wire	is	of	such	a	kind	that	the	other	end	will	move	when	I	pull	this	end,	then	if	nothing	happens	to	prevent	it	going	so	the	other	end	will	move	when	I	pull	this	end,	then	if	nothing	happens	to	prevent	it	doing	so	the	other	end	will	move	when	I	pull	this.	“We	can	couch	the	statement	in	such	a	form	that	it	carries	with	it	necessity	or	theoretical	certainty,	but	the	events	which	are	being	described	are	the	events	of	experience.	The	fact	that,	usually,	if	we	pull	one	end	of	a	wire	the	other	end	moves	is	derived	from	experience	and	it	is	a	fact	which	we	come	to	see	and	absorb	very	early	in	life.	As	soon	as	we	start	touching	or	seeing	material	objects	we	experience	events	similar	to	this.	And	to	the	question	Why	it	should	happen	no	answer	seems	possible	except	that	it	just	does.	It	is	to	events	of	this	kind,	the	simplest	sort	of	link	in	the	chain	of	cause	and	effect,	that	all	chains	can	be	reduced	and	in	terms	of	which	they	can	all	be	explained.			“When	we	are	investigating	or	analysing	we	want	to	postpone	for	as	long	as	possible	the	answer	‘It	just	does	—	it’s	a	fact	of	experience	—	look	around	you	and	see.’	And	indeed	one	of	the	main	points	of	an	investigation,	of	asking	a	‘why’	or	‘how’	question,	is	to	discover	more	intermediate	links.	But	the	answer	‘It	just	does’	is	bound	to	come	eventually.”		E.R.	Emmett.	Handbook	of	Logic.	Totowa,	NJ:	Littlefield,	Adams	&	Co,	1967.		Comment:	Children,	who	are	naturally	curious,	always	ask	“why”.	They	ask	“why”	at	every	progressively	deeper	answer	until	their	parents	give	up	and	say,	“that’s	just	the	way	it	is!”	Maybe	we	should	answer	our	children	with	a	more	pleasant	response	that	keeps	their	curiosity	strong.	For	example,	when	we	get	to	this	point	we	can	say,	“Nobody	knows	why.	Maybe	one	day	you	will	figure	that	out	and	can	tell	me.”	I	had	an	excellent	science	teacher	when	I	was	young	that	used	to	say	that,	and	I	felt	so	important	that	this	teacher	had	the	confidence	in	me	that	one	day	I	could	figure	it	out.	He	wasn’t	angry	or	frustrated	with	the	questions,	but	seemed	genuinely	interested	in	knowing	the	answers	himself.	I	was	fortunate	to	have	him	as	a	teacher.		(2000)	  
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You can still succeed in science with a non-science background 	Tony	Leggett	won	the	2003	Nobel	Prize	in	physics	for	his	work	on	superfluid	helium-3.	Rebecca	Tan	interviewed	him	during	his	visit	to	Singapore	last	month:		Tan:	“You	took	a	rather	unusual	path	to	a	career	in	physics,	doing	your	first	undergraduate	degree	at	Oxford	in	classic	philosophy,	known	colloquially	as	the	Greats.	If	you	could	go	back	in	time,	what	career	advice	would	you	give	to	your	17-year-old	self?”		Leggett:	“Do	the	same,	I	have	no	regrets	at	all.	Had	I	gone	into	physics	initially,	I	would	have	missed	the	enormous	intellectual	benefits	I	would	have	gotten	out	of	my	Greats	education.”		–	R.	Tan.	“A	Word	to	Young	Physicists	in	Asia.”	Asian	Scientist	(2	Feb	2015).		Comment:	Unfortunately	the	world	is	different	now.	Leggett	describes	in	this	interview	how	he	was	able	to	go	into	physics	based	on	one	individual	seeing	some	promise	in	him	despite	having	almost	zero	background.	This	was	at	Oxford	in	1959.	It	is	very	unlikely	that	anything	like	that	could	happen	today.		The	implicit	question	that	arises	from	Leggett’s	response	is	whether	we	are	greatly	losing	out	as	a	field	by	not	letting	more	come	into	the	fold	from	alternative	backgrounds.	Smart	people	with	different	perspectives	make	a	better	and	more	energetic	community	overall.	Who	wouldn’t	want	to	see	what	Lionel	Trilling,	or	Maya	Angelou	or	Edward	Said	would	have	produced	if	they	had	become	physicists?		(2015)	  
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Longhand writing better than laptop for note taking 	“In	three	studies,	we	found	that	students	who	took	notes	on	laptops	performed	worse	on	conceptual	questions	than	students	who	took	notes	longhand.	We	show	that	whereas	taking	more	notes	can	be	beneficial,	laptop	note	takers’	tendency	to	transcript	lectures	verbatim	rather	than	processing	information	and	reframing	it	in	their	own	words	is	detrimental	to	learning.”		P.A.	Mueller,	D.M.	Oppenheimer.	“The	Pen	is	Mightier	Than	the	Keyboard:	Advantages	of	Longhand	Over	Laptop	Note	Taking,”	Psychological	Science	vol.	25,	1159-1168	(2014).		Comment:	The	implication	is	that	the	slowness	of	writing	requires	the	brain	to	process	lots	of	information	into	a	smaller	number	of	words	that	the	student	must	come	up	with	him/herself,	thereby	requiring	more	engagement	with	the	material	while	being	presented.	Makes	sense	to	me.	It	should	also	be	noted	that	this	is	a	study	about	today’s	students	who	are	much	more	used	to	the	computer	than	to	writing.	The	results	would	be	obvious	for	people	of	my	age,	who	grew	up	with	more	longhand	writing,	but	I	presume	it	was	less	obvious	to	researchers	that	the	result	would	stand	for	the	very	young.	I	hope	that	means	spiral	ring	notebooks	will	be	around	forever.		(2014)	  
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Difference between a cathedral and a physics lab? 	“What	have	we	been	doing	all	the	centuries	but	trying	to	call	God	back	to	the	mountain,	or,	failing	that,	raise	a	peep	out	of	anything	that	isn’t	us?	What	is	the	difference	between	a	cathedral	and	a	physics	lab?	Are	they	not	both	saying:	Hello?”		Annie	Dillard.	Teaching	a	Stone	to	Talk.	Harper	Perennial,	1992.		Comment:	It	is	often	remarked	that	physics	and	mathematics	are	dreary	subjects	that	are	impersonal	and	lonely.	Humans	are	a	social	species,	who	crave	contact,	discussion,	gossip,	and	interactions	of	all	kinds	with	people.	History,	psychology,	social	science,	medicine,	and	law	are	all	fields	that	“make	sense”	from	this	perspective.		What	drives	the	physical	scientist	and	the	mathematician?	It	is	a	craving	to	discover	the	“other”	—	that	which	is	greater	and	more	enduring	than	even	our	personal	lives.		(2007)	  
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Study of nature far superior to other human activities? 	Cicero	channeling	Pythagoras	on	the	value	of	studying	nature:		“Some	of	us	are	enslaved	to	glory,	others	to	money.	But	there	are	also	a	few	people	who	devote	themselves	wholly	to	the	study	of	the	universe,	believing	everything	else	to	be	trivial	in	comparison.	These	call	themselves	students	of	wisdom,	in	other	words	philosophers;	and	just	as	a	festival	attracts	individuals	of	the	finest	type	who	just	watch	the	proceedings	without	a	thought	of	getting	anything	for	themselves,	so	too,	in	life	generally,	the	contemplation	and	study	of	nature	are	far	superior	to	the	whole	range	of	other	human	activities.”		Cicero,	“Discussions	at	Tusculum”,	in	Cicero’s	On	the	Good	Life.	Penguin,	1971		Comment:	It	should	be	remarked	that	Cicero	invokes	Pythagoras	here	as	getting	it	almost	right,	but	later	says	that	Socrates,	whom	Cicero	deeply	admired,	had	it	right	when	he	“took	the	initiative	in	summoning	philosophy	down	from	the	heavens.”	In	the	end,	according	to	Cicero	(On	Divination,	II),	there	is	but	one	source	of	real	happiness.	It	is	the	“proposition	which	brilliantly	illuminates	the	entire	field	of	philosophy	—	the	proposition	that	moral	goodness,	by	itself,	is	sufficient	to	make	anyone	happy.”		Nonetheless,	I’ve	met	many	physicists	who	appear	to	agree	more	with	Pythagoras	than	Cicero,	and	of	course	many	who	appear	to	agree	with	both.	After	all,	the	two	are	not	incompatible.		(2015)	  
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Advice from the Soviet Union on how to become a great 
physicist 	Whatever	you	might	think	of	the	Soviet	Union,	they	undeniably	had	incredible	physicists.	There	are	many	reasons	for	this,	but	a	culture	of	grit	and	personal	determination	to	tackle	physics	problems	on	one’s	own	appears	to	me	to	be	one	of	the	key	factors.	To	illustrate,	here’s	a	quote	from	I.V.	Savelyev,	author	of	the	three-volume	“Physics.	A	General	Course,”	a	successful	Soviet-era	textbook	of	undergraduate	physics:		“The	solving	of	problems	will	yield	the	maximum	returns	only	if	a	student	does	this	it	by	himself.	It	is	often	not	easy	to	solve	a	problem	without	any	aid	or	prompting,	and	this	is	not	always	successful.	But	even	unsuccessful	attempts	to	find	a	solution,	if	they	were	undertaken	with	sufficient	persistence,	will	give	noticeable	returns	because	they	develop	thinking	and	strengthen	one’s	will	power.	It	must	be	borne	in	mind	that	the	decisive	role	in	working	on	problems,	as	in	general	in	studying,	is	played	by	will	power	and	diligence.”		I.V.	Savelyev.	Questions	and	Problems	in	General	Physics.	Mir	Publishers,	Moscow,	1982	(English	1984).		(2012)	  
	 29	































(biology).			 Comments	were	recorded	at	the	end	of	the	talk,	and	Victor	Weisskopf	strongly	objected	to	the	view	that	high-energy	physics	was	over.	Weisskopf	emphasized	that	“the	universe	presents	us	with	possibilities	that	we	just	don't	know	of.''	Of	course,	we	know	now	that	Weisskopf	was	right.		 Since	that	conference,	quarks	and	asymptotic	freedom	have	been	discovered.	The	Fermi	model	of	weak	interactions	has	been	pulled	apart	and	explained	by	a	spontaneously	broken	SU(2)	gauge	symmetry.	More	exotic	quarks	have	been	discovered,	including	the	top	quark	whose	mass	is	well	into	the	energy	realm	where	Heisenberg	thought	things	would	be	uninteresting.	Only	very	recently	did	we	have	well-posed	questions	about	the	origin	of	mass	and	gauge	symmetry	breaking,	and	it	is	widely	agreed	that	present	and	future	experimental	pursuits	will	further	enlighten	us	to	answer	these	questions.	We	also	believe	we	are	making	progress	understanding	how	quantum	mechanics	and	gravity	coexist.	The	insights	in	particle	theory	have	transferred	over	to	cosmology,	and	vice	versa,	in	completely	unanticipatable	ways	from	Heisenberg's	day.		 In	most	ways	our	current	situation	in	particle	physics	is	much	more	interesting	than	the	state	of	particle	physics	those	many	years	ago.	We	have	readily	identifiable	big-question	holes	in	our	knowledge	that	we	are	confident	experiment	can	fill.	It	did	not	seem	so	promising	in	that	era,	where	the	elementary	particles	looked	like	an	endless	herd	of	cattle	kept	in	line	by	a	limping	sheepdog	named	Regge	Theory,	yet	only	a	decade	after	Heisenberg's	talk	the	Standard	Model	of	particle	physics	was	established.	
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	 Although	Heisenberg	was	somewhat	isolated	by	his	own	idiosynchratic	theories,	he	was	not	alone	in	the	general	pessimistic	view	that	future	experiments	were	not	likely	to	change	the	basics	of	our	understanding.	I	see	some	parallels	today.	The	overly	confident	optimist	might	be	a	little	humorous,	but	the	overly	confident	pessimist	``runs	a	danger''	as	Weisskopf	said	after	Heisenberg's	talk	those	many	years	ago.	The	tremendous	knowledge	we	have	attained	regarding	the	high-energy	domain	in	the	last	few	decades	came	at	least	in	part	because	Heisenberg's	bleak	views	in	the	1950's	and	1960's	did	not	stop	experiment.		 For	physicists	like	me,	educated	in	the	1990's,	it	is	not	much	of	an	exaggeration	to	say	that	modern	high-energy	physics	starts	becoming	recognizable	around	the	early	1970's.	In	Heisenberg's	era	it	was	difficult	to	even	recognize	the	questions	that	would	become	relevant	for	the	later	discoveries,	much	less	be	able	to	figure	out	the	correct	answers.	Experiment	was	critical	for	progress,	and	future	experiments	at	the	frontiers	of	energy,	intensity	and	precision	will	continue	to	stimulate	deeper	knowledge	about	the	underlying	laws	of	nature.		(2002)		 	
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Cicero on cosmology in Roman antiquity 	Cicero	in	about	50	BCE	explaining	the	heavens:		“The	universe	is	held	together	by	nine	concentric	spheres.	The	outermost	sphere	is	heaven	itself,	and	it	includes	and	embraces	all	the	rest.	For	it	is	the	Supreme	God	in	person,	enclosing	and	comprehending	everything	that	exists,	that	is	to	say	all	the	stars	which	are	fixed	in	the	sky	yet	rotate	upon	their	eternal	courses.	Within	this	outermost	sphere	are	eight	others.	Seven	of	them	contain	the	planets	?	a	single	one	in	each	sphere,	all	moving	in	the	contrary	direction	to	the	great	movement	of	heaven	itself.	The	next	sphere	to	the	outermost	is	occupied	by	the	orb	which	people	on	earth	name	after	Saturn.	Below	Saturn	shines	the	brilliant	light	of	Jupiter,	which	is	benign	and	healthful	to	mankind.	Then	comes	the	star	we	call	Mars,	red	and	terrible	to	men	upon	earth.		“Next,	almost	midway	between	heaven	and	earth,	blazes	the	Sun.	He	is	the	prince,	lord	and	ruler	of	all	the	other	worlds,	the	mind	and	guiding	principle	of	the	entire	universe,	so	gigantic	in	size	that	everything,	everywhere,	is	pervaded	and	drenched	by	his	light.	In	attendance	upon	the	Sun	are	Venus	and	Mercury,	each	in	its	own	orbit;	and	the	lowest	sphere	of	all	contains	the	Moon,	which	takes	its	light,	as	it	revolves,	from	the	rays	of	the	sun.	Above	the	Moon	there	is	nothing	which	is	not	eternal,	but	beneath	that	level	everything	is	mortal	and	transient	(except	only	for	the	souls	in	human	beings,	which	are	a	gift	to	mankind	from	the	gods).	For	there	below	the	Moon	is	the	earth,	the	ninth	and	lowest	of	the	spheres,	lying	at	the	centre	of	the	universe.	The	earth	remains	fixed	and	without	motion;	all	things	are	drawn	to	it,	because	the	natural	force	of	gravity	pulls	them	down.			Comment:	This	passage	was	originally	written	by	Cicero	sometime	between	54	BCE	and	51	BCE.	The	“Dream	of	Scipio”	is	in	the	last	volume	of	his	six	volume	set	entitled	On	the	State.	Much	of	those	six	volumes	is	lost	to	us	now.	However,	we	do	know	that	the	device	Cicero	used	was	that	of	a	conversation	between	Scipio	Africanus	the	younger	and	others.	The	passage	above	is	Scipio	Africanus	the	elder	coming	in	a	dream	to	explain	the	heavens.	It	is	a	nice	summary	of	what	Romans	of	antiquity	knew	and	thought	of	astronomy	and	cosmology.		Of	course,	Cicero	got	much	of	this	from	the	Greeks,	but	he	had	to	synthesize	sources	and	make	decisions,	especially	on	the	ordering	of	the	planets	and	the	Sun	(he	sided	with	Pythagorus	over	Plato).	Presumably	he	consulted	with	others	as	well,	and	it	is	fair	to	say	that	this	is	likely	to	be	the	Roman	view	of	the	cosmos	in	approximately	50	BCE.		Reference		Cicero.	“The	Dream	of	Scipio,”	in	Cicero’s	On	the	Good	Life.	Penguin,	1971.		(2013)	
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Strict oversight at Collège de Dainville, Paris, 1380 	Students	in	residence	at	the	Collège	de	Dainville	(founded	in	1380	and	part	of	the	Université	de	Paris)	were	subject	to	very	strict	study	rules:		“Day	and	night,	until	they	go	to	bed,	the	door	is	not	to	be	closed,	so	the	master	can	visit	whenever	he	wishes	and	so	that	the	pupils	will	increase	their	zeal	for	study	and	fear	to	fall	into	idleness	or	bad	habits.	If	he	deems	it	necessary,	the	master	shall	be	allowed	to	hold	the	key	to	each	room.”		G.	Duby,	ed.,	trans.	by	A.	Goldhammer.	A	History	of	Private	Life,	vol.II:	Revelations	of	
the	Medieval	World.	Belknap	Press,	1988.	As	quoted	by	P.	Lin.	“Student	Life”.	Cal	Poly	Pomona.		(2014)					 	
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Teach with enthusiasm and devotion 	Some	interesting	advice	on	teaching	from	former	president	of	Swarthmore	College:		“Be	sure	you	have	in	your	faculty	teachers	of	enthusiasm,	energy,	devotion	to	their	calling,	well	trained	in	a	knowledge	of	the	subjects	which	they	teach,	who	by	example	as	well	as	precept	instill	lessons	of	continuous	and	fruitful	work.	If	the	teacher	is	half-hearted,	dry	and	uninteresting,	if	he	is	not	himself	a	student	and	a	hard	worker,	there	is	little	inspiration	from	such	a	teacher	for	effort	on	the	part	of	the	student.	On	the	other	hand,	if	the	teacher	never	forgets	the	point	of	view	of	the	learner,	by	always	being	himself	a	learner,	has	the	vigor	which	comes	from	constant	growth,	and	is	as	much	interested	in	the	development	of	intellect	and	character	in	young	people	as	the	botanist	is	in	the	growth	of	the	plant,	the	teacher	will	place	about	the	student	the	conditions	for	effort	and	offer	an	incentive	to	hard	work.”	(p.43)		“If	the	teacher	is	himself	methodical	and	lays	out	the	work	of	the	student	in	such	a	way	that	he	feels	strongly	that	he	has	a	definite	piece	of	work	to	do	today	and	he	knows	that	he	will	be	very	definitely	tested	tomorrow	by	his	teacher	before	the	students	on	this	work	in	the	class	room,	an	otherwise	indolent	student	will	be	spurred	to	work.”	(p.44)		Reference		Joseph	Swain	(President	of	Swarthmore	College).	“Methods	of	correcting	or	eliminating	idle	or	unprofitable	university	students.”	Transactions	and	Proceedings	
of	the	National	Association	of	State	Universities,	1903.		(2014)							 	
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Examine your students properly 	Admonition	about	the	importance	of	exams	for	students	given	by	former	president	of	University	of	Nebraska:		“Apathy	about	examinations	is	a	crying	evil.	Some	institutions	only	quiz,	and	do	not,	properly	speaking,	examine	at	all,	neglecting	a	vitally	precious	mental	discipline,	that	of	acquiring	master	over	subjects	as	wholes,	and	over	parts	in	their	relations	to	each	other	and	to	the	totals.	The	examination	of	a	pupil	upon	a	large	unit	of	his	work	is	of	advantage	not	merely	as	criterion	of	his	diligence	or	proficiency,	though	it	may	and	should	be	this;	it	is	a	pedagogical	process	of	indescribable	value,	not	to	be	omitted	without	cruelty	to	the	pupil.”	(p.26)		Reference		Chancellor	E.	Benjamin	Andrews	(University	of	Nebraska).	“Current	Criticism	of	Universities.	Transactions	and	Proceedings	of	the	National	Association	of	State	
Universities,	1905.		(2014)						 	
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Student evaluations of teaching are of limited value 	Here	are	Stark	&	Freishtat's	conclusions	that	call	into	question	the	value	of	student	evaluations	of	teaching	(SET):		“SET	does	not	measure	teaching	effectiveness.”		“Controlled,	randomized	experiments	find	that	SET	ratings	are	negatively	associated	with	direct	measures	of	effectiveness.	SET	seem	to	be	influenced	by	the	gender,	ethnicity,	and	attractiveness	of	the	instructor.”		“Summary	items	such	as	‘overall	effectiveness’	seem	most	influenced	by	20	irrelevant	factors.”			“Student	comments	contain	valuable	information	about	students’	experiences.”		“Survey	response	rates	matter.	Low	response	rates	make	it	impossible	to	generalize	reliably	from	the	respondents	to	the	whole	class.”		“It	is	practical	and	valuable	to	have	faculty	observe	each	other’s	classes.”			“It	is	practical	and	valuable	to	create	and	review	teaching	portfolios.”		“Teaching	is	unlikely	to	improve	without	serious,	regular	attention.”		Reference		P.B.	Stark,	R.	Freishtat.	“An	Evaluation	of	Course	Evaluations.”	September	26,	2014.	http://www.stat.berkeley.edu/~stark/Preprints/evaluations14.pdf		(2015)			  
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Advice on becoming a true scientist from Sinclair Lewis’s 











































































Professor von Jolly’s 1878 prediction of the end of theoretical 


















Breakdown of the 1994 Agreed Framework between the United 








Ginzburg’s regret at not being the first to discover the BCS 





“Please, sir, I want some more citations” 	[Recently	discovered	letter	from	Oliver	Twist	sent	to	James	Clerk	Maxwell	150	years	ago	today.	Little	known	that	Twist	got	bored	in	the	country	and	studied	to	become	a	mathematical	physicist.]		March	27,	1866		Dear	Prof.	James	Clerk	Maxwell,		I	have	read	with	great	pleasure	your	preprint	on	the	theory	of	Electromagnetism	that	you	kindly	sent	to	our	Mathematics	Library	in	Coventry.	I	find	that	it	has	answered	several	important	and	pressing	questions	posed	in	the	literature	and	opened	up	new	questions	that	were	not	thought	of	before.	Congratulations	on	an	excellent	paper.		However,	I	did	want	to	draw	your	attention	to	some	previous	work	of	mine	that	has	some	bearing	on	your	work.	In	section	3	of	your	paper	you	utilized	the	result	that	3*7=21.	You	will	find	that	I	was	the	first	to	draw	attention	to	this	result	in	a	paper	written	two	years	earlier	entitled,	“Low	Multiplicities	of	Seven”.	You	will	notice	that	eq.	79	of	that	paper	has	3*7=21	explicitly	written.	You	will	also	find	that	the	result	was	anticipated	in	an	earlier	publication	by	me	and	my	collaborator,	Prof.	Art	Dodge	(Provost	at	Adelaide	College),	entitled	“Multiplicities	of	Three:	a	Comprehensive	Survey”,	where	we	explicitly	wrote	down	that	6*3=18	in	eq.	92	and	then	elsewhere	in	the	paper	noted	that	18+3=21	(see	eq.	173).		We	hope	that	you	will	kindly	take	a	look	at	these	earlier	papers	and	cite	them	in	the	appropriate	places.		Sincerely,	Dr.	Oliver	Twist		(2016)		 	
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Traits of extraordinary achievers 	Recently	I	had	dinner	with	young	researchers	in	high	energy	theory	who	asked	me	what	in	my	view	were	the	key	factors	that	led	to	success	in	scientific	research.	I	told	them	that	“extreme	talent”	combined	with	“extreme	dedication”	usually	wins	the	day.	People	focus	on	the	“freakishly	smart”	aspect	of	the	highest	achievers,	but	the	commitment	level,	the	dedication	and	focus,	needed	to	get	to	the	very	top	is	just	as	“freakish”	and	perhaps	more	rare.	The	very	best	are	brilliant	and	always	“on.”		I	also	told	them	that	in	the	past	extreme	talent	with	high	(but	not	necessarily	extreme)	dedication	was	possible	if	you	wanted	to	land	a	faculty	position	at	a	research	university,	for	example,	but	the	competition	is	so	fierce	now	that	I	was	not	sure	that	was	possible	today.	However,	it	was	also	my	impression	that	today	you	can	have	high	(but	not	extreme)	talent	with	extreme	dedication	and	make	it.	But	having	both	always	makes	it	easier.		So,	over	time,	extreme	talent	has	lost	to	extreme	dedication	for	the	number	one	trait	that	you	just	cannot	go	without.		If	I	were	forced	to	speculate	on	why	I’d	say	it	might	have	to	do	with	the	rise	of	experiments	with	many	hundreds	and	even	thousands	of	collaborators,	where	extreme	talent	and	brilliance	does	not	have	to	be	present	in	
everyone,	but	extreme	dedication	does	(or	“conscientiousness”	as	we	will	talk	about	below).	Furthermore	the	increasingly	high	premium	on	constant	and	visible	productivity	signs	(publications,	talks,	etc.)	contribute	to	the	shift	for	both	experimentalists	and	theorists.	But	that	is	speculation	and	it	would	be	interesting	to	see	a	study	ask	and	answer	that	question.		I	was	also	reminded	of	an	undergraduate	professor	of	mine	at	Brigham	Young	University	who	spoke	about	the	traits	of	extreme	achieving	students	he	had	seen	over	the	years.	And	he	said	the	biggest	was	tenacity.	The	very	best	of	the	best	do	not	rest	until	they	know	everything	there	is	to	know	about	what	is	being	said,	and	they	have	the	mental	ability	to	absorb	it	and	sort	it	out,	often	on	their	own.	They	will	not	rest	until	every	factor	of	2	is	understood,	until	every	minus	sign	is	certified,	and	until	every	conceptual	input	of	the	problem	is	precisely	defined	and	understood.	“They	don’t	let	you	get	away	with	anything!”	he	said,	like	he	had	been	injured	badly	by	some.	He	claimed	that	he	could	tell	in	a	student’s	sophomore	classes	with	high	probability	if	they	will	succeed	grandly	or	not.	He	could	not	tell	if	a	student	would	be	good,	mediocre	or	bad,	but	he	could	tell	that	some	would	be	great.		After	the	discussion	with	the	young	researchers	I	ran	across	a	New	York	Times	article	(Hart	&	Chabris	2016b)	on	exactly	this	subject.	What	are	the	traits	of	extreme	achievers	who	experience	great	success	in	life?	Since	it	was	right	on	my	mind	I	have	spend	some	time	reading	the	corresponding	social	science	literature	and	sorting	out	the	claims	(as	best	as	a	physicist	can	do	over	a	short	time)	to	see	how	they	match	with	the	comments	I	gave	the	young	researchers	and	with	comments	by	my	undergraduate	professor	on	the	topic.	
	 61	
	
Social	Science	Literature		Hart	and	Chabris	(2016b)	opined	on	their	study	regarding	traits	that	are	most	probable	predictors	of	success,	where	success	can	be	defined	as	those	who	“attain	exceptional	achievement”,	defined	to	be	“higher	socioeconomic	status”,	which	translates	to	wealth	and	status	in	the	business	sector	and	high	distinction	in	intellectual	endeavors.			Hart	and	Chabris,	who	published	their	work	in	a	peer-reviewed	journal	(Hart	&	Chabis	2016),	were	drawn	to	the	question	when	Chua	and	Rubenfeld	(2014)	put	forward	a	theory	in	their	best-selling	book	of	2014	that	“attempted	to	explain	why	certain	minority	groups	in	the	United	States,	such	as	Jews,	Mormons	and	Asian-Americans,	seem	associated	with	extraordinary	success	(i.e.,	higher	socioeconomic	status)	relative	to	other	groups.”	(Hart	&	Chablis	2016).			
Chua	and	Rubenfeld	Theory		The	Chua	and	Rubenfeld	“Triple	Package”	theory	of	extraordinary	achievers,	which	Hart	and	Chabris	subjected	to	social	science	methodology	and	data,	says	that	these	high	achieving	groups	possess	three	common	characteristics:			1)	a	“sense	of	group	superiority”	(ethnocentricism	or	intergroup	bias),			2)	“personal	insecurity”	(e.g.,	due	to	vulnerability	in	society,	or	low	self-esteem,	or	some	other	reason),	and			3)	highly	developed	“impulse	control”	(scoring	very	high	on	“Big	five	conscientiousness”	to	be	discussed	below)		Chua	and	Rubenfeld	suggested	that	1	and	2	lead	to	“drive”	and	1	and	3	lead	to	“grit”,	and	the	combination	of	“drive”	and	“grit”	from	the	presence	of	all	three	traits	leads	to	extraordinary	success.			
Hart	and	Chabris	Findings	regarding	Chua	and	Rubenfeld’s	Theory		Hart	and	Chabris	studied	the	question	in	controlled	research	environment.	The	main	resulting	message	from	their	study	is	that	the	Chua	and	Rubenfeld	theory	is	not	a	rigorously	valid	theory.	The	abstract	of	the	paper	is	informative	which	I	quote	below:		“What	individual	factors	predict	success?	We	tested	Chua	and	Rubenfeld's	(2014)	widely	publicized	“Triple	Package”	hypothesis	that	a	tendency	toward	impulse	control,	personal	insecurity,	and	a	belief	in	the	superiority	of	one's	cultural	or	ethnic	group	combine	to	increase	the	odds	that	individuals	will	attain	exceptional	achievement.	Consistent	with	previous	research,	we	found	in	two	sizable	samples	
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(combined	N	=	1258)	that	parents'	level	of	education	and	individuals'	own	cognitive	ability	robustly	predicted	a	composite	measure	of	success	that	included	income,	education,	and	awards.	Other	factors	such	as	impulse	control	and	emotional	stability	also	appeared	to	be	salutary.	But	despite	measuring	personal	insecurity	in	four	different	ways	and	measuring	success	in	three	different	ways,	we	did	not	find	support	for	any	plausible	version	of	Chua	and	Rubenfeld's	proposed	synergistic	trinity	of	success-engendering	personality	traits”	(Hart	&	Chabris	2016).		However,	the	abstract	seems	to	be	worded	much	stronger	than	is	warranted	from	the	body	of	the	paper.	For	example,	the	abstract	seems	to	imply	that	the	“Triple	Package”	theory	does	not	correlate	with	success,	but	in	fact	all	of	those	traits	do	correlate	with	success,	which	they	do	not	necessarily	disagree	with	in	the	body	of	the	paper.		Here’s	one	example	regarding	“insecurity”.		Social	scientists	have	many	ways	to	define	that,	but	one	way	is	“contingent	self-worth”.	This	is	when	“self-esteem	…	is	predicated	on	external	sources,	and	hence	presumably	more	fragile”	(Hart	&	Chabris	2016).	If	that	is	how	insecurity	is	defined,	which	is	not	inconsistent	with	Chua	and	Rubenfeld,	then	“the	TP	hypothesis	fares	somewhat	better:	participants	whose	self-esteem	depended	on	their	appearance,	others'	opinions,	and	on	doing	well	in	competitive	contexts	scored	higher	on	the	composite	success	measure,	albeit	only	if	they	were	also	relatively	high	in	ethnocentrism”	(Hart	&	Chabris	2016).	But	“contingent	self-worth”	is	plausibly	consistent	with	Chua	and	Rubenfeld’s	“insecurity”	criterion,	and	if	so	their	claim	that	it	goes	with	ethnocentrism	is	consistent	with	data,	according	to	Hart	and	Chabris.		It	is	probably	fair	to	say	that	Chua	and	Rubenfeld’s	Triple	Package	of	traits	is	well	correlated	with	success	but	may	very	well	not	be	the	most	efficient	and	correlated	statements	one	can	make.	There	are	different	independent	axes	that	are	more	important	than	their	“Triple	Package”	despite	the	fact	that	those	axes	can	overlap.		
Hart	and	Chabris	Theory	of	Success		Hart	and	Chabris	have	their	own	ideas	on	what	are	the	most	important	drivers	for	success.		Surveying	the	literature	and	their	own	studies	they	put	forward	their	theory	:	“The	totality	of	the	evidence	suggests	that	the	mostly	likely	elements	of	a	triple	package	would	be	intelligence,	conscientiousness,	and	economic	advantage:	the	same	factors	that	would	benefit	anyone,	regardless	of	ethnicity.”	(Hart	&	Chabris	2016).		In	a	New	York	Times	article	(Chabris	&	Hart	2016b)	the	authors	restate	their	theory	of	what	are	the	key	factors	of	extraordinary	achievement	:	“our	studies	affirmed	that	a	person’s	intelligence	and	socioeconomic	background	were	the	most	powerful	factors	in	explaining	his	or	her	success.”			
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They	also	reiterate	that	conscientiousness	is	also	key	:	“Long	before	‘The	Triple	Package,’	[of	Chua	and	Rubenfeld]	researchers	determined	that	the	personality	trait	of	conscientiousness,	which	encompasses	the	triple	package’s	impulse	control	component,	was	an	important	predictor	of	success	—	but	that	a	person’s	intelligence	and	socioeconomic	background	were	equally	or	even	more	important”	(Chabris	and	Hart	2016b).		
Synthesis	of	the	literature		Reading	the	ones	listed	above	plus	forays	into	the	other	articles	cited	suggest	that	there	are	three	key	correlations	for	extraordinary	achievement	:	1)	high	intelligence,	2)	high	socioeconomic	background,	and	3)	high	conscientiousness,	in	that	order,	but	all	three	vital.	And	there	are	many	other	traits	that	are	just	not	that	important	as	key	source	indicators.	In	other	words,	even	though	conscientiousness	may	be	third	on	the	list,	it	is	“key”	and	beat	out	many	other	extraneous	characteristics.		Conscientiousness	in	the	social	science	literature	is	very	precisely	defined	as	one	of	the	“Big	Five”	personality	traits.	The	“Big	Five”	are	sort	of	basis	vectors	in	personality	space,	and	the	basis	traits	are	:			-	openness	to	experience	-	conscientiousness	-	extraversion	-	agreeableness	-	neuroticism		The	Big	Five	Traits	are	sometimes	called	OCEAN	or	CANOE,	based	on	the	first	letter	of	each	trait,	and	you	can	find	yourself	very	far	to	the	left	(e.g.,	definitely	not	possessing	X	at	all)	or	very	far	to	the	right	(e.g.,	definitely	possessing	trait	X	in	full).	The	claims	are	that	none	of	the	traits	matter	so	much	compared	to	conscientiousness	when	it	comes	to	extraordinary	achievement.			But	what	is	“conscientiousness”?	Here	are	the	characteristics	of	conscientiousness	as	listed	by	three	different	sources.		“Lexical	facets”	(Saucier	&	Ostendorf	1999)	:	Orderliness,	Industriousness,	Reliability,	Decisiveness		“NEO-PI-R	facets”	(Costa	&	McCrae	1992)	:	Order,	Achievement	Striving,	Dutifulness,	Self-Discipline,	Competence,	Deliberation		“CPI-Big	Five	facets”	(Soto	&	John	2008)	:	Orderliness,	Industriousness,	Self-Discipline		Another	description	of	conscientiousness	helps	put	the	trait	in	a	fuller	context:		
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“Conscientiousness	(Efficient/Organized	vs.	Easygoing/Careless):	This	is	a	feature	that	expresses	self-discipline	and	determination	and	desire	for	achievement.	It	expresses	an	intention	to	behave	in	a	planned	matter,	goal-directed	and	thinking	before	acting.	Such	people	follow	norms	and	rules;	they	are	always	on	time,	study	hard,	and	give	their	best	to	the	job.	They	are	not	impulsive	and	show	high	values	of	thoughtfulness	(John	et	al.	2008)”	(Richter	&	Dumke	2015).		So,	order	and	self-discipline	is	a	key	factor	for	extraordinary	achievers.			
Discussion	on	intelligence		Regarding	intelligence,	which	is	often	listed	as	the	leading	indicator	of	success,	it	is	often	very	tricky	to	talk	about	it,	since	one	normally	does	not	have	much	control	over	it,	except	the	ability	to	damage	it	(through	drug	and	alcohol	abuse,	etc.).	Subconsciously	perhaps	that	is	why	I	use	instead	the	word	“talent”	since	it	isn’t	such	an	aggressive	word,	and	implies	the	possibility	that	there	is	something	you	can	do	about	it.		However,	recognizing	that	intelligence	is	a	component	of	an	individual’s	future	success	is	good	for	society	and	institutions	for	several	reasons	that	should	be	considered.	For	example,	for	society,	it	is	well	known	that	early	childhood	education	and	nutrition	is	key	to	enhancing	intelligence,	or	at	least	not	diminishing	intellectual	capacity.	There	are	important	public	policy	priorities	that	can	be	affected	by	understanding	the	key	role	of	intelligence.		
Discussion	on	socioeconomic	status		Regarding	the	socioeconomic	indicator	of	success.	This	did	not	occur	to	me	within	the	realm	of	scientific	achievement.	I	have	read	before	that	your	income	at	age	40	is	more	correlated	with	your	parents’	income	at	age	40	than	anything	else,	including	educational	level.	So	in	the	business	world	I	am	more	apt	to	agree	that	this	is	important,	for	reasons	that	I	admit	I	do	not	fully	understand.	In	academia,	however,	I	naturally	resist	thinking	that	this	is	as	important	as	the	other	two	criteria	(intelligence	and	conscientiousness).	I	can	imagine	that	it	is	correlated	with	many	good	things,	such	as	good	nutrition,	good	education	at	school,	parental	investment,	etc.,	and	so	it	makes	sense	that	it	is	very	likely	to	be	a	positive	benefit,	but	the	implication	in	the	studies	is	that	it	is	more	than	a	nice	nudge,	it	is	quite	important,	and	it	is	a	needed	addition	to	the	mix	of	success	“traits”	in	addition	the	other	two.	I	don’t	understand	it,	and	I	didn’t	think	of	it,	since	I	am	not	privy	to	my	student’s	socioeconomic	background,	but	it	is	interesting.		The	other	reason	why	I	question	socioeconomic	status	as	a	strong	independent	factor	is	an	analogy	with	the	weather.	Imagine	somebody	said	that	the	three	most	important	indicators	of	the	temperature	reading	at	some	location	on	January	23rd	are	1)	its	latitude,	2)	its	altitude,	and	3)	the	temperature	reading	on	January	22nd.	Well,	sure,	the	temperature	on	January	22nd	(socioeconomic	status	of	the	parents,	previous	generation)	is	a	very	good	indicator	of	the	temperature	on	January	23rd	(socioeconomic	status/success	of	the	next	generation),	but	the	real	reason	is	the	
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latitude	and	altitude	that	is	applicable	to	both	(conscientiousness	and	intelligence).	Obviously	the	analogy	is	not	perfect,	in	part	for	the	reasons	stated	in	the	previous	paragraph,	but	I	remain	curious	to	know	more	why	it	is	considered	a	strong	independent	variable.			It	does	remind	me	from	when	I	was	filling	out	applications	to	graduate	school.	Yale	asked	me	to	fill	in	a	detailed	report	of	my	parents	earnings	and	jobs	and	positions,	despite	the	fact	that	basically	no	Physics	PhD	student	at	Yale	(or	Michigan	or	any	other	good	place)	needs	to	pay	a	dime	of	tuition	(all	comes	through	teaching	or	research	assistantships	or	scholarships).	I	was	appalled	and	said	that	that	had	nothing	to	do	with	whether	somebody	should	accept	me	to	a	physics	PhD	program	and	refused	to	fill	it	out	and	withdrew	my	application.	(Alas,	the	brashness	and	idealism	of	youth…)	I	was	from	a	privileged	background	but	I	did	not	think	that	should	be	used	for	my	advantage.	But	maybe	Yale	was	on	to	something	and	they	just	wanted	to	use	it	as	a	predictor?	I	still	don’t	like	the	thought	of	it	though,	and	I’m	going	to	guess	that	Yale	doesn’t	do	it	anymore,	even	though	I	haven’t	checked.		
Discussion	on	Conscientiousness		Regarding	conscientiousness,	in	the	“lexical	facets”	of	“conscientiousness”	stated	above,	the	term	“reliability”	is	included.	Some	might	say	this	is	decidedly	not	the	trait	of	some	of	our	most	successful	researchers	in	the	field.	They	may	not	care	to	show	up	for	faculty	meetings,	or	they	teach	poorly,	or	basically	ignore	everything	in	their	lives	except	their	research	—	laser	focus	on	that	aspect	of	their	jobs,	and	letting	go	everything	else.	And	when	it	comes	to	service	assignments	in	the	department,	perhaps	they	are	not	so	reliable.			But	anecdotally	I	can	think	of	no	cases	like	this	of	an	“unreliable”	extraordinary	achiever	without	the	individual	being	completely	off	the	charts	in	intelligence	and	research	dedication,	and	without	them	coming	from	excellent	socioeconomic	backgrounds.	Extreme	outliers	in	both	intelligence	and	dedication	may	be	immune,	therefore,	from	personality	trait	requirements,	it	might	be	said,	whereas	most	others	need	strong	conscientiousness	to	be	an	extraordinary	achiever.	However,	it	should	be	said	that	there	are	extreme	outliers	of	intelligence	who	are	reliable	professionally,	so	unreliability	is	not	a	definitive	marker	for	extreme	intelligence	(let’s	not	tempt	colleagues	to	lay	down	on	the	job!).	It’s	just	that	it	appears	some	can	
survive	high	unreliability	if	their	intelligence	and	dedication	is	extreme	enough.		Lastly,	it	strikes	me	that	conscientiousness	is	the	most	important	trait	since	it	is	the	one	trait	that	an	individual	has	the	most	control	over	when	attempting	to	become	extraordinarily	successful.	Its	position	as	third	on	the	list	may	be	true	for	outsiders	predicting	whether	or	not	an	individual	will	be	successful,	but	it	surely	must	come	in	first	place	among	areas	to	work	on	for	those	who	want	to	climb	the	latter	of	success.	I	see	how	outsized	this	trait	is	in	success	in	academia,	and	I	am	not	surprised	to	see	that	the	social	science	literature	finds	it	to	be	outsized	compared	to	other	personality	traits.		
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Summary		If	you	remember	one	sentence	from	this	discussion,	and	you	want	to	know	what	you	can	do	to	be	an	extraordinary	achiever,	it	is	this	:	Your	extraordinary	success	will	require	high	intelligence	(let’s	hope	you	have	it)	and	high	conscientiousness	(let’s	hope	you	get	it).		
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